Keywords : Diamond-like carbon (DLC), adhesion strength, plasma-based ion implantation, scratch test, pull test Diamond-like carbon (DLC) films have excellent mechanical and tribological properties such as high hardness, strong wear resistance, low friction coefficient, and chemical inertness, which are very attractive for potential industrial applications. However, DLC coating films have not been used widely for practical mechanical parts because of their weak adhesion to substrate materials. A hybrid processing system of plasma-based ion implantation and deposition (PBIID) was developed to prepare good adhesion DLC coating on Aluminum alloy (A-5052) and SUS304 substrates. In this paper, we present the adhesive strength of DLC film prepared on A-5052 and SUS304 substrates by PBIID method using methane (CH 4 ), acetylene (C 2 H 2 ), toluene (C 6 H 5 CH 3 ), and organic metal compound gas including silicon.
Diamond-like carbon (DLC) films have excellent mechanical and tribological properties such as high hardness, strong wear resistance, low friction coefficient, and chemical inertness, which are very attractive for potential industrial applications. However, DLC coating films have not been used widely for practical mechanical parts because of their weak adhesion to substrate materials. A hybrid processing system of plasma-based ion implantation and deposition (PBIID) was developed to prepare good adhesion DLC coating on Aluminum alloy (A-5052) and SUS304 substrates. In this paper, we present the adhesive strength of DLC film prepared on A-5052 and SUS304 substrates by PBIID method using methane (CH 4 ), acetylene (C 2 H 2 ), toluene (C 6 H 5 CH 3 ), and organic metal compound gas including silicon.
The adhesive strength of DLC film was measured by the adhesion testing apparatus (Sebastian Five-A, Quad Group). All samples after adhesion test was observed with a CCD microscope (VH-8000, KEYENCE). Figure 1 shows the adhesive strength of DLC film prepared on SUS304 substrate with the conditions in Table 1 , where the error bar indicates the amount of scatter in measured values of 5 samples. Note the DLC films were prepared with the condition of the lowest residual stress. As seen in Fig. 6 , the adhesive strength of about 49 MPa without ion implantation (condition (a)) increases to about 81 MPa with carbon ion implantation in the boundary region of DLC film and substrate (condition (b)).
Furthermore, implantation of mixed carbon and silicon ions (condition (c)) leads to considerable enhancement of adhesive strength up to about 88 MPa. Figure 2 shows the photograph of stud pin (left) and DLC-coated SUS304 (right) surfaces after tension test. DLC coating film prepared with the condition (a) is completely removed and with the condition (b) is mostly removed. With the condition (c), on the other hand, there is no delamination of DLC film, indicating that the adhesive strength of DLC film is enhanced above the strength of epoxy resin glue.
The observed enhancement in adhesive strength by carbon ion implantation should be ascribed to the production of interface, graded in carbon composition, and the relaxation of residual stress in DLC film. Considerable enhancement in adhesive strength by implantation of mixed carbon and silicon ions suggests the formation of chemical bonding such as SiC in the substrate. 表 1 DLC 成膜プロセス 
